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The Report of the Meeting of the British Association 
for the Advancement of Science 

It would be a great boon to the'English public if the papers 
which are read before the members of the Association, or rather 
those who have the means as well as the inclination to attend 
such important annual gatherings, could be published within the 
first few weeks immediately after the meeting, and at such a 
price as many in this land would by no means grudge. Accord¬ 
ing to the present arrangement, some months have to pass before 
even such as can afford the heavy price placed upon these 
reports can obtain them, the result of which is, that the poor and 
meagre reports of the various newspapers are all that the 
majority of persons have to inform them about the advancement 
of science. Could not some such report as that authorised by 
the committee of the Church Congress be produced ? The 
first Congress was reported fully, the papers entire, and the dis¬ 
cussions almost so, in a well-printed volume of nearly 500 pages, 
for the moderate sum of half-a-crown, prepaid ; or four shillings 
if purchased afterwards. There are many, I am convinced, who 
would gladly prepay three of even four half-crowns for the report 
of the papers only which are read before the British Associa¬ 
tion. 

Birkenhead G. H. H. 


TERRESTRIAL MAGNETISM 

T HE great progress made during the last few years in 
our knowledge of the phenomena of terrestrial 
magnetism has naturally attracted not a little attention 
to this interesting subject, and the persevering efforts of 
many leading scientific men are the surest guarantee of 
the ultimate success of the labours undertaken in this 
cause. Hitherto theory has gone hand in hand with 
observation, and those most able to undertake the charge 
are now only waiting a more complete array of facts, in 
order to present us with a theory of terrestrial magnetism 
based on solid foundations, and equal in interest, in com¬ 
pleteness, and in the utility of its practical applications, 
to any of its sister sciences. The required facts may be 
ranged under these two heads. First the actual values of 
th%,magnetic elements at all parts of the earth’s surface, 
with the secular variations of these elements ; and 
secondly, the daily, monthly, and yearly range through 
which these quantities vary, and the irregular pertur¬ 
bations to which they are, subject. To meet the first 
demand, a complete set of magnetic observations must be 
taken in different countries, the stations of observation 
not being too far distant from each other ; and a repeti¬ 
tion of these at intervals of from ten to twenty years will 
supply an accurate record of the secular variations of the 
required elements. The second need can only be satis¬ 
factorily provided for by the establishment of permanent 
magnetic observatories, supplied with self-registering 
magnetographs, by which every change of the magnetic 
force can be correctly traced. 

Fortunately much has already been effected, and more 
is actually being carried out for the furtherance of.this 
latter object. This country alone possesses three such 
observatories, Lisbon another, Florence a fifth, and four 
others are at present in course of erection, at St. Petersburg, 
Bombay, Melbourne, and the Mauritius. The fact, now 
clearly established, that any disturbance of the magnetic 
needle traced by our magnetographs in England has a 
corresponding perturbation recorded at Lisbon and at 
Florence, is an earnest of what we may expect from a 
careful comparison of magnetograms from all quarters of 
the globe. 

But the other branch of observation, on which the 
determination of the absolute values of the magnetic 
elements solely depends, has scarce kept pace with the 
giant strides of the fixed observatories. Doubtless a series 
of monthly absolute readings is being taken at each 
magnetic observatory to serve as a basis for the differential 
curves traced by the -magnetographs ; but such observa¬ 
tories will always be few in number, and the accurate 


determination of the magnetic elements of these few 
points, however useful it may be, will scarcely suffice to give 
us a complete knowledge of the magnetic condition of the 
earth’s surface. The survey of the ocean we may well 
trust to the devoted and persevering enterprise of the 
naval officers, who are adding so much to our store 
of meteorological and magnetic knowledge ; but for the 
land surveys we must mainly depend on the accurate 
observations of private observers. A very limited 
number of scattered observations made at stations remote 
from each other, and the careful survey of scarcely half a 
dozen countries of Europe, is all we can point to as at 
present accomplished. If it be true that labour and 
expense are the great obstacles to be overcome when an 
important enterprise has to be undertaken, we may well 
wonder that the more laborious and by far the most 
expensive of the observations needed for the science 
of terrestrial magnetism are being amply supplied by the 
establishment of fixed observatories, whilst the magnetic 
surveys, which may be now made an agreeable pastime, 
and need scarcely add perceptibly to our usual expenses, 
are nearly entirely neglected. Most men who are daily 
engaged in intellectual occupations, require yearly a few 
iveeks of repose, or at least of mitigated application. For 
many, some interesting work that does not too much 
engross their minds, and that differs considerably from 
their usual routine duties, offers a means of relaxation far 
more enticing than a complete cessation from labour. 
For men of this class, who have had some little experience in 
the use of instruments of precision, a magnetic survey 
might offer the greatest attraction during a summer 
vacation. A brief sketch of a simple method of carrying 
this into effect, which has been found to work well during 
two successive vacations, may not therefore be without its 
utility and interest. 

The country chosen for a rapid survey should be one 
that offers considerable facilities for railway communica¬ 
tion ; and a previous study of the direction of the lines will 
prevent much unnecessary expense and loss of time from 
travelling twice over the same ground. Should the rail¬ 
way arrangements of the country resemble those of 
France, a companion for the journey becomes an absolute 
necessity; for the instruments used are of too delicate 
a make to be entrusted to the tender mercies of foreign 
railway officials of the registered baggage department. 

The instruments required for the survey are a dip 
circle, an unifiiar, a small transit theodolite, and a good 
chronometer. Two tripod stands are nearly a necessity 
if time be any consideration. Three days might con¬ 
veniently be allotted to each station ; one for travelling, 
another for the observations, and the third for visiting the 
objects of interest in the vicinity. Twenty sets of 
observations would thus be completed in the course of 
two months ; and two vacations so employed would furnish 
data sufficient for the accurate study of the magnetic con¬ 
dition of an extensive tract of country. But should the 
time at the observer’s disposal be more limited, and he 
feel equal to the task, the day of travelling might reckon 
as a day of rest, and the public monuments be visited 
during the leisure hours of the day of observation. 

Arrived at a station, the first thought should be about 
the choice of a fit place of observation. The garden of 
any large public institution will perhaps in general be 
found the most convenient and accessible, unless an ex¬ 
tensive and somewhat retired garden be attached to the 
hotel. Inquiry must next be made about the position of any 
considerable mass of iron, such as large pipes, which serve 
not unfrequently to convey gas or water at a few feet below 
the surface of a gravel walk or a grass plot. For the 
observation of the dip and the intensity, a good shady 
spot is required ; whilst, for the declination, a position 
well exposed to the sun, at the early hours of the morning, 
is the best possible. A tent may sometimes be required 
to supply the want of trees ; but when a large canvas 
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covering, with poles, &c., lias been carried from the north 
of England to the Pyrenees without ever being asked to 
do service, one is more inclined to trust in future to the 
resources of any locality, rather than again to travel in 
company with such a burdensome luxury. 

Provided the morning be not hopelessly cloudy, it will 
generally be found preferable to start work by observing 
the declination. This choice may at times save the 
travellers a day or more of precious time in changeable 
weather; for the sun then not unfrequently shows himself 
for a short time in the early morning hours, and when the 
clouds have been permitted to close around him, he 
remains persistently hidden for the remainder of the day. 
For finding the magnetic declination, the sun is our most 
useful helpmate ; but during the rest of the observations his 
presence can with benefit be dispensed with. The unifilar 
is therefore at once put together, and whilst the torsion of 
the silk thread by which the declination magnet is about 
to be suspended is being removed, the theodolite is fixed 
on a tripod stand, and several transits of the sun are taken 
over the vertical wires. The azimuth circle having been 
read at each passage of the sun, the telescope is placed 
horizontal, and the position of a fixed mark determined. 
A few altitudes of the sun might then be taken, for finding 
the error of the chronometer, before removing the theodo¬ 
lite from the tripod stand to make way for the unifilar. 
Great care must of course be taken in levelling each 
instrument before commencing an observation; and, after 
railway travelling, all the screws should be well examined. 
The tripod stand remaining firmly fixed in its first position, 
the unifilar is placed upon it, and the telescope is directed 
to the fixed mark and its azimuth read. The magnet is 
then suspended, brought to rest, and the positions of the 
azimuth circle and of the magnet scale noted. A second 
reading of the scale is afterwards taken in the inverted 
position, and this invention should be twice performed, for 
greater security. A glance at his note-book will at once 
tell the observer whether he has entered all the data 
necessary for the future calculation of the declination. 
The chronometer gives the azimuth of the sun for a known 
latitude and longitude, the sun fixes the chosen mark, and 
the angle between the magnet and the mark then tells us 
what are the bearings of the compass at the station of 
observation. Having thus secured the declination, an 
interesting set of scale readings may be taken whilst the 
magnet still remains suspended. These readings, if taken 
every five minutes during any considerable time, will 
furnish materials for a comparison with the magnetograms 
of the fixed observatories ; and thus afford satisfactory 
data for determining the relation that exists between the 
magnetic perturbations at different points of the earth’s 
surface. 

The dip circle is the next instrument to which attention 
must be directed. The observation of the dip of the 
magnetic needle is in theory the simplest, and in practice 
the most trying work of the survey. To attempt it when 
the atmosphere is saturated with moisture may be an 
excellent exercise of patience, but can scarcely lead to 
any trustworthy results ; and a dusty locality will easily 
give the observer hours of labour before he has finished 
with a single needle. At each station, two or three needles 
should be used ; each observation being the mean of 32 
readings taken in different positions of the instrument and 
needle. The method of observation can offer no difficulties; 
after levelling the instrument, the needle is magnetised and 
gently lowered until it rests on its agate planes. The dip 
circle is then turned round till the needle takes up a ver¬ 
tical position ; the reading of the azimuth circle at this 
point, when increased by 90 degrees, gives the direction 
of the magnetic meridian. The instrument may now be 
clamped with the needle in the meridian, and the readings 
of the angle of inclination commenced. Whilst the dip 
is being found, the torsion may be removed from the silk 
thread that serves to suspend the vibration magnet. 


A complete knowledge of the direction of the earth’s 
magnetic force at the station of observation having been 
acquired, it remains to determine the intensity of this force. 
Knowing the direction, it suffices to measure the intensity 
of the force in any given direction, in order to ascertain 
the total effect of the force. The horizontal component 
of the intensity is then the only element that still remains 
to be observed, and this is found by the method of vibra¬ 
tions and deflections. A magnet in the form of a small 
telescope, having a delicately graduated scale at the end 
farthest from the observer, is hung by a thread, and made 
to vibrate through an arc of a few seconds. The time 
occupied by 100 such vibrations is noted by the chrono¬ 
meter to within the twentieth of a second, and this is 
repeated some twelve times to obtain an accurate measure 
of the time of one vibration. The square of this interval 
of time serves to determine the product of the horizontal 
component of the earth’s magnetism, by the magnetic 
moment of the vibrating magnet. 

The quotient of these same quantities is next ascertained 
from the deflecting power of the vibration magnet. For 
this purpose another magnet is suspended by a very 
delicate silk thread, from which the torsion has been 
removed, and the vibration magnet is placed on a graduated 
brass bar at known distances from the suspended magnet. 
The opposite poles of the deflecting magnet are then pre¬ 
sented alternately to the centre of the free magnet, and at 
the same distance due east and west. The various readings 
of the azimuth circle, and of the scale reflected by the 
mirror of the deflected magnet, are noted for each position, 
and the changes of temperature, which enter into the 
results, are frequently recorded. 

The series of observations is then completed, and, when 
the instruments have again been packed with all possible 
care, the observers are ready for the journey of the morrow. 
Very much of the success of the survey depends on the 
steady rate of the chronometer; and hence no pains 
should be spared to preserve it from all jolting movements 
whilst travelling, and altitudes of the sun should never be 
omitted. But it is, above all, advisable to lose no oppor¬ 
tunity of comparing the chronometer at any good obser¬ 
vatory that can conveniently be visited on the way. 

A full set of the above observations may be taken by 
one person within the space of half a dozen hours, but 
then all must have gone on smoothly from starting to the 
end. A loud clock, a clear-toned bell, or even the rustling 
of the leaves in a high wind, will not unfrequently compel 
an observer to recommence his series of vibrations. Or 
again, the breaking clouds will entice him out with his 
theodolite, and then the sun will always seem purposely to 
hide himself at the moment he approaches the fatal wire. 
But the near approach of friends is what tries most the 
powers of endurance. The second has arrived for taking 
the observation, the eye and ear are all attention, and a 
person shows his interest in the work by spoiling all with 
an ill-timed question. Or again, the suspended magnet is 
just coming to rest after a tedious oscillation, the observer’s 
patience is about to be rewarded b> a perfect reading, when 
a violent movement of the magnet makes him aware that 
the bunch of keys or pocket-knife of a friend, who ap¬ 
proaches with the most scupulous avoidance of all noise, 
have attracted the attention of the giddy little needle. 
But a good observer will never be overcome by such 
trifling difficulties. 

A two months’ vacation passed in this alternation of 
travel, observation, and repose, will witness the accumula¬ 
tion of data sufficient for the calculation of the isogonics, 
isoclinals, and isodynamics of a large extent of country, 
and the observer will return to his routine labours in¬ 
vigorated in mind and body, and with the consoling thought 
that he has added some little at least to that mass of well- 
established facts, which must ever he the only founda¬ 
tion of any true advancement in the Natural Sciences. 

S. J. Perry. 
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